The peroxidase/reverse micelle (RM) system effectively catalyzed the oxidation reaction in cyclohexane, while peroxidase from bitter gourd in aqueous buffer exhibited low catalytic activity.
INTRODUCTION
Organophosphates (OP) are a group of compounds that have historically been used as pesticides as well as chemical warfare agents. This group of chemicals includes insecticides such as malathion, diazinon, chlorpyrifos, azamethiphos, dichlorvos, parathion and methyl parathion (MPT) . Among all these compounds MPT is widely used in farming as an insect killer. It is a very toxic and hazardous compound. There are various other compounds containing MPT that are present as pollutants in the environment, such as dust, emulsion, granular, liquid and wet table powder (insecticide powders that are added to water to create an insecticide solution) (Husain et al. ) . MPT is also applied to various crops such as alfalfa, barley, corn, cotton, sorghum, soybeans, sunflowers and wheat. MPT is used to control boll weevils and many biting insects of agricultural crops, primarily cotton. This compound is known as the 'cotton poison' (Bratkovskaya et al. ; Husain et al. ) . Chloroperoxidase from Caldariomyces fumago was used for the oxidation of some pesticides named azinphos methyl, chlorpyrifos, dichlorofenthion, dimethoate, parathion, phosmet and terbufos in the presence of H 2 O 2 and chloride ions.
The products were identified as oxon derivatives (Jauregui et al. ) . Lignin peroxidase and horseradish peroxidase (HRP) have also been used for the removal of pesticides from polluted water and soil sediments (Kabanov et al.
; Karam & Nicell ).
MPT was selected as the model compound because it is a common industrial and agricultural pollutant and has been reported to exert a negative impact on the health of animals and humans. The objective of the present study is to use a RM system entrapped bitter gourd peroxidase (BGP) to treat hydrophobic pollutants concentrated in an organic phase. The effect of various chemical and physical parameters on the oxidative degradation and polymerization of MPT has been optimized.
MATERIALS AND METHODS

Materials
Bovine serum albumin, MPT, o-dianisidine HCl and 2,2-azinobis (3-ethyl benzothiazoline-6 sulphonic acid) diammonium salt (ABTS) were obtained from Sigma Chemical Co.
(St. Louis, MO, USA). Guaiacol, 1-hydroxybenzotriazole (HOBT), syingaldehyde, phenol, 2-4 dichlorophenol, p-chlorophenol, quinol, 4-nitrophenol, glycerol, cyclohexane, Triton X-100 and veratryl alcohol (VA) were procured from SRL Chemicals Co. (Mumbai, India). Violuric acid (VLA) was purchased from Fluka Chemicals (Austria). Bitter gourd was purchased from the local vegetable market. Other chemicals and reagents employed were of analytical grade.
Ammonium sulphate fractionation of bitter gourd protein
Bitter gourd (50 g, 100 mL) was homogenized in 100 mM sodium acetate buffer, pH 3.0. Homogenate was filtered through four layers of cheesecloth. The filtrate was then centrifuged at 10,000 g on a Remi C-24 Cooling Centrifuge. 
Monitoring of absorption spectra of MPT
The absorption spectrum for treated and untreated MPT polluted water was recorded on a Cintra 10 e UV-visible spectrophotometer.
Analytical method
The reaction was stopped in a boiling water bath for 5 min.
Insoluble product was removed by centrifugation at 3,000 g for 15 min. The decrease in absorbance at the λ max (260) was monitored on a Cintra 10 e UV-visible spectrophotometer.
The percentage transformation was calculated by taking the RM system without peroxidase as control (100%). Percentage transformation of MPT was calculated as described by Husain et al. () .
Assay of peroxidase activity
The activity of peroxidase was estimated from the change in Further studies were conducted to determine the optimum conditions under which optimum transformation of MPT could be accomplished with minimum consumption of reagents. Table 2 shows that 0.4 U mL MPT (0.5 mM, 5.0 mL) was treated by BGP (0.4 U mL À1 ) hosted in an RM system with 0.8 mM H 2 O 2 and 11 redox mediators as described in the text. The molar ratio of water and surfactant (Wo) was 10 in the presence of 100 mM sodium acetate buffer, pH 3.0, at 40 W C for 2 h. The percentage transformation was calculated by taking the RM system without peroxidase as control (100%). MPT in an RM system (0.5 mM, 5.0 mL) was incubated by BGP (0.1-1.0 U mL À1 ) with
Effect of redox mediators on MPT transformation
Effect of enzyme concentrations on MPT transformation
Wo ¼ 10 in the presence of 0.2 mM phenol and 0.8 mM H2O2 in 100 mM sodium acetate buffer, pH 3.0, at 40 W C for 2 h. The insoluble product was removed by centrifugation at 3,000 g.
of BGP was used in the RM system to transform the required MPT.
Effect of H 2 O 2 concentrations on MPT transformation induced inactivation, it will be necessary to maintain low concentrations of H 2 O 2 in the RM system. Therefore, a treatment process has to be designed such that the solvent should be recycled in order to reuse residual enzyme activity. Moreover, it will be necessary to limit the quantity of H 2 O 2 supplied during treatment to sub-stoichiometric amounts in order to ensure that all H 2 O 2 must be consumed by the end of the reaction (Palmer ; Orlich & Schomacker ).
Effect of time on MPT transformation
The transformation of MPT was continuously increased with time. The maximum conversion of MPT was observed within 2 h of incubation. Further increase in time of incubation had no significant effect on the oxidative polymerization of MPT (Table 3) Effect of pH and temperature on MPT transformation Figure 2 illustrates the pH-dependent transformation of MPT. The enzyme was able to oxidize MPT maximally in the RM system at pH 3.0. The enzyme was able to tolerate alkaline conditions up to pH 9, but little conversion of Later effects showed an overall increase in the transformation of MPT in RM. Therefore, the enhanced conversion of MPT at elevated temperatures indicated that phenomena that tend to increase the rate of reaction were dominant over thermal inactivation effects under our experimental conditions. Effect of water content on MPT transformation Figure 4 shows the conversion of MPT with water content.
The conversion of MPT was decreased on increasing the content of the water. The maximum transformation of MPT by entrapped BGP in the RM system was found at low water content, e.g. W o ¼ 10. Thus, above this threshold, no further enhancement in MPT conversion was noticed. It has been suggested that as W o increases, the average size of the RM also increases until they are of sufficient size to contain the enzyme and allow it to achieve its optimal conformation (Kim et al. ; Tinoco et al. ) . Once all enzyme molecules are fully involved in the RM system, the reaction should proceed at a maximum rate.
Removal of MPT in batch process by BGP Table 4 UV absorbance spectra of BGP treated and untreated MPT UV absorbance spectra of MPT polluted water have been taken before and after treatment by BGP ( Figure 5 ). The diminution in the peaks of MPT in the UV region took place due to removal of MPT in the form of insoluble product after BGP treatment. However, the peak of the treated sample was drastically decreased by more than 90%.
CONCLUSIONS
In this study, for the first time it has been demonstrated that BGP entrapped in the RM system effectively catalyzed the oxidative degradation of MPT in cyclohexane. The catalytic activity of the BGP/RM system strongly depended on the pH of water pools and also on the hydration degree of surfactant (W o ). The peroxidase in the RM system prepared at pH 3.0 and W o ¼ 10 exhibited the highest catalytic activity in the RM system. Under optimized conditions, the peroxidase/RM system was capable of degrading MPT with high efficiency. This system was applicable not only to the oxidative degradation of MPT but also to the MPT were recorded on a Cintra 10 e UV-visible spectrophotometer. These spectra are labelled in the figure. oxidation of other organic pollutants in organic media. It could be concluded that the peroxidase/RM system exhibited several advantages for the oxidative degradation of hydrophobic compounds, mainly because the solubility of either enzyme or substrate was improved in organic media and the stable activity of BGP in organic media was achieved.
